Tuning Ionic Conductances in Cardiac Myocyte Models  by Kherlopian, Armen R. & Christini, David J.
Sunday, March 6, 2011 155aComputational Methods I
845-Pos Board B645
Improved Library-Based Monte Carlo, Applied to Multi-Level Sampling
Ying Ding, Artem B. Mamonov, Daniel M. Zuckerman.
We describe further advances in our previously developed library-based
Monte Carlo (LBMC) simulation. LBMC is a memory-intensive molecular
simulation strategy which uses pre-calculated configurations of molecular
fragments, such as amino acids or side-chains. We showed previously that
LBMC using whole-residue fragments could lead to dramatic efficiency
gains for sampling flexible peptides; however, such fragments are not ideal
for simulating folded systems because trial moves are highly non-local. We
therefore have developed a new implementation of LBMC, by separating the
backbone from side-chain libraries, which allows for exactly local moves
perturbing only a small part of a protein. Because the positions of all atoms
are carried in memory at minimal run-time cost, LBMC readily permits
the use of hybrid protein models mixing full and reduced interactions.
Hybrid models are useful in themselves - e.g., to simulate an atomistic bind-
ing site allosterically coupled to a reduced description of the remainder of
the protein. Here, however, we explore the use of hybrid models in
multi-level equilibrium sampling algorithms based on Hamiltonian and
resolution exchange. Higher ladder levels are built to allow cheaper energy
calls and smoother potential energy landscapes to facilitate sampling of low
levels.
846-Pos Board B646
Validating and Improving Elastic Network Models Using Molecular
Dynamics
Nicholas Leioatts, Tod D. Romo, Alan Grossfield.
Elastic network models (ENMs) offer the capability to study collective
motions of large systems without the overwhelming computational cost of
all-atom molecular dynamics (MD). They accomplish this by replacing the
standard force field terms with simple harmonic connections, typically be-
tween neighboring alpha carbons; the collective motions can then be com-
puted using normal mode analysis. We investigate new methods for
performing ENM calculations to improve their sensitivity and fidelity. First,
we have explored using a higher resolution representation for the protein,
supplementing the standard 1-node per residue approach by adding a second
node to represent the side chain. Our aim is to utilize this increase in spatial
resolution, enabling the ENMs to predict the effects of subtler changes, such
as the binding of small ligands. Second, we have explored the efficacy of
different choices for the spring constants in the harmonic representation. Fol-
lowing our previous work (Romo and Grossfield. Proteins, 2010), we have
implemented a new functional form, which distinguishes bonded and non-
bonded interactions. In both cases, we have validated our approaches via
quantitative comparison to several microsecond-scale all-atom simulations
of G protein-coupled receptors.
847-Pos Board B647
Three Ways In, One Way Out: Water Dynamics in the Trans-Membrane
Domains of the Inner Membrane Translocase AcrB
Nadine Fischer, Martin Raunest, Christian Kandt.
Powered by proton-motive force, the inner membrane translocase AcrB is
the engine of the AcrAB-TolC efflux pump in Escherichia coli. As proton
conduction in proteins occurs along hydrogen-bonded networks of polar
residues and water molecules, knowledge of the protein-internal water
distribution allows drawing conclusions to possible pathways of proton con-
duction. Here we calculated the dynamic hydration of the AcrB trans-mem-
brane domains derived from a series of 6 x 50 ns independent molecular
dynamics simulations of asymmetric AcrB embedded in a phospholipid/
water environment, considering each monomer in a different protonation
state. Water dynamics are different in each monomer; whereas cytoplasm
and periplasm are connected by up to three different water diffusion path-
ways in monomer B, no such connection exists in monomer C. With zero -
two connecting water ways, monomer A represents an intermediate state.
We identified the residues constituting AcrB’s hydrogen-bonded network
and used their frequency of hydrogen bond contact to protein-internal water
to determine key residues of proton conduction. We find that water flow
through the trans-membrane domains is regulated by four groups of resi-
dues in a combination of side chain re-orientations and shifts of trans-mem-
brane helices.848-Pos Board B648
Modeling the Effect of Side-Chain Length on the Folding of Lactam-Mod-
ified Conotoxins
Aaron P. Osysko, Brittany S. Kovacs, Christopher R. DeLaney,
Pedro L. Muı´n˜o.
We developed a method to model the folding of a-conotoxins by combining
molecular dynamics (to determine geometric factors relevant to folding) with
ab initio calculations (for molecular orbital information). In previous work,
[Kovacs et al. Biophys. J. 2010, 98, 636a], we followed literature suggestions
to direct specific regioisomer formation by replacing the Cys3 with aspartate
and the Cys13 thiol with an ammonium (-NH3
þ) group. The results were en-
couraging because we observed directionality towards the proper regioisomer
folding, but we hypothesized that the short side chains at positions 3 and 13
resulted in brief contact times between the carboxyl and amino groups and
no C-N overlap.
Now, we evaluate this hypothesis’ validity by lengthening the side chain at po-
sition 13. We carried out equivalent calculations with two (vs one), three and
four methylene units (-CH2-) between the alpha carbon and the ammonium
group (four methylene units make this amino acid a lysine). The results
show that thermal fluctuations lead to configurations where a molecular orbital
overlap between S-S atoms (Cys2-Cys7) can take place, leading to the proper
regioisomer formation. Furthermore, the amino acid proline appears to generate
rigidity in its surrounding amino acids, specifically in at least the region con-
trolling the relative orientation of the Cys2 and Cys7 residues. The length of
the methylene chain of the basic amino acid at position 13 affects the probabil-
ity of forming a lactam bridge between positions 3 and 13. With short chains
(one methylene group), there never is any observed orbital overlap between
the carbon and nitrogen atoms, possibly because of the rigidity of the backbone.
The probability of robust overlap increases with chain length and matches the
efficiency of the Cys2-Cys7 overlap when using lysine at position 13.
849-Pos Board B649
Polynomial Fitting Techniques for Accurate Estimation of Solvation Free
Energy Using Thermodynamic Integration
Conrad Shyu, F Marty Ytreberg.
We present an approach that utilizes polynomial fitting techniques to improve
the accuracy and precision of free energy difference (Delta F) estimates using
thermodynamic integration (TI) data and its application to calculating solvation
free energy. These polynomial approaches construct globally optimal polyno-
mials that best fit the TI data, which are then used to estimate Delta F. We
use both interpolation and extrapolation methods to determine a small molecule
solvation free energy. Our studies show that using polynomial fitting tech-
niques and use of non-equidistant lambda values, Delta F can be estimated
the accuracy of 50.4 kJ/mol without using soft-core scaling and performing
separate simulations for Lennard-Jones and partial charges.
850-Pos Board B650
Protein Folding with Implicit Crowders: A Study of Conformational States
Using the Wang-Landau Method
Travis A. Hoppe, Jian-Min Yuan.
We introduce the idea of the implicit crowding method to study the statistical
mechanical behaviors of folding of beta-sheet peptides. Using a simple bead-
lattice model we are able to consider, separately, the conformational entropy
involving the bond angles along the backbone and the orientational entropy as-
sociated with the dihedral angles. We use a Ising-like model to partially ac-
count for the dihedral angle entropy and implicitly, the hydrogen-bond
formations.
We also compare our results to recent experiments and find good quantitative
agreement on the predicted folded fraction. Based on the predictions from the
scaled particle theory we investigate changes in the melting temperature, sug-
gesting crowding enhanced stability for a variant of a trpzip hairpin and slight
instability for larger beta-sheet designed proteins.
851-Pos Board B651
Tuning Ionic Conductances in Cardiac Myocyte Models
Armen R. Kherlopian, David J. Christini.
Cardiac arrhythmia are the result of disruption in normal electrical behavior of
the heart and are a leading cause of mortality. To study the biophysical under-
pinnings of arrhythmogenesis, computational models of cardiac myocytes that
utilize mathematical descriptions of ionic components have been effectively
employed. However, established models for cardiac myocytes, which are based
on experimental data acquired for tightly constrained situations, often
156a Sunday, March 6, 2011underperform when trying to reproduce or predict particular phenomena under
investigation. Furthermore, among individual myocytes there is significant phe-
notypic variability, which is dependent on factors such as source location in the
heart and variation in expression levels of voltage-gated ion channels. In an at-
tempt to overcome such model shortcomings, we present a genetic-algorithm
based approach to tune maximal ionic conductances for cardiac myocyte
models. Using stochastic pacing protocols to efficiently sample a cell’s range
of dynamic behavior, we show that such tuning can greatly improve model fi-
delity compared to the nominal model.
852-Pos Board B652
How do Sterols Determine the Antifungal Effect of Amphotericin B? free
Energy of Binding Between the Drug and its Membrane Targets
Anna Neumann, Maciej Baginski, Jacek Czub.
Amphotericin B (AmB) is a well known polyene antibiotic used to treat sys-
temic fungal infections. It is commonly accepted that the presence of sterols
in the membrane is essential for the AmB biological activity, i.e, for the forma-
tion of transmembrane ion channels. The selective toxicity of AmB for fungal
cells is attributed to the fact that it is more potent against fungal cell mem-
branes containing ergosterol than against the mammalian membranes with cho-
lesterol. According to the ‘primary complex’ hypothesis, AmB associates with
sterols in a membrane to form binary complexes which may subsequently as-
semble into a barrel-stave channel. To elucidate the molecular nature of the
AmB selectivity for ergosterol-containing membranes, in the present work,
we tested this hypothesis at the microscopic level. Specifically, we used com-
putational methods to study the formation of the putative AmB/sterol com-
plexes in a lipid bilayer. The free energy profiles for the AmB-sterol
association in phospholipid bilayers containing 30 mol % of sterols were cal-
culated and thoroughly analyzed. The results obtained confirm the formation of
specific AmB/ergosterol complexes and are used to determine the energetic
and structural origin of the enhanced affinity of AmB for ergosterol than for
cholesterol. The significance of this affinity difference for the mechanism of
action of AmB is discussed. The data obtained allowed us also to suggest a pos-
sible origin of the increased selectivity of a novel class of less toxic AmB de-
rivatives.
853-Pos Board B653
Structure Based Virtual Inhibitor Screening of Membrane Channel
Proteins
So¨ren Wacker, Bert de Groot.
In the context of computer aided drug design we validated, optimized and ap-
plied methods for the estimation of absolute and relative biological activities of
drug like molecules acting on membrane channel proteins. These proteins are
important for many different physiological processes and therefore attractive
targets for modern drug discovery. Structure Based Virtual Screening
(SBVS) is an established technique in drug design, but it is still unclear whether
standard SBVS approaches can be successfully applied to channel like proteins.
Based on a library of 2675 compounds with known activity on the voltage gated
potassium channel Kv1.2, the ability to identify active and inactive compounds
of three different Structure Based Virtual Screening algorithms were evaluated.
We found that the approaches cannot be applied to cavity like active sites with-
out further ado. The algorithms were optimized and combined by consensus ap-
proaches. These approaches were applied to the clean-drug-like subset of the
ZINC database and validated by electrophysiological experiments.
854-Pos Board B654
First Step Towards Glycan Modeling: Charmm-Gui Glycan Reader
and Glycan Database
Sunhwan Jo, Kevin Song, Alexander D. MacKerell Jr., Wonpil Im.
Glycosylation is an important post-translational modification of proteins. Con-
siderable efforts have been made to understand how glycosylation affects the
structure, dynamics and function of proteins, yet, in general terms, it remains
an unsolved questions due to the diversity and variability in the glycosylation.
Primary sequences and the composition of glycans on a glycosylation site can
be identified using mass spectrometry, and, although scarce, the number of
glycoprotein structures in PDB is increasing. An aspect of structural glycobi-
ology in which further advances need to be made is the ability to model reli-
able atomic structures of glycans and study their structure and dynamics in
silico. Here we present a web-based toolset for glycan modeling, surface elec-
trostatic potential visualization, and simulation input generation for various
simulation packages. Based on a survey of all glycan structures available in
PDB, a database will be also developed for glycan fragment structures that
may be used to facilitate glycan modeling. The toolset and database will be
freely available through the web-based CHARMM-GUI resource
(www.charmm-gui.org).855-Pos Board B655
CHARMM-GUI: Brining Advanced Computational Techniques to Web
Interface
Sunhwan Jo, Wonpil Im.
The CHARMM-GUI resource (www.charmm-gui.org) has been developed to
provide a web-based graphical user interface to generate various input files
andmolecular systems to facilitate and standardize the usage of common and ad-
vanced simulation techniques inCHARMM.Wehavemade significant efforts to
implement basic and common molecular dynamics simulation techniques into
web interface and the web interface has generated a multitude of positive feed-
back from our users. In this work, we describe our latest efforts to bringingmore
advanced molecular modeling and simulation techniques to the web interface,
such as ligand binding free energy calculation, grand canonical Monte Carlo/
Brownian dynamics, glycan reader and builder, electron microscopy density
map fitting, protein-protein docking, and NMR structure calculation.
856-Pos Board B656
Web-Based Interface for Brownian Dynamics Simulation of Ion Channels
and Its Application to Vdac
Kyu Il Lee, Sunhwan Jo, Huan Rui, Wonpil Im.
We have developed a web-based graphical user interface (GUI) for automated
input/system generation of grand canonical Monte Carlo/Brownian dynamics
(GCMC/BD) ion channel simulation in the CHARMM-GUI resource
(www.charmm-gui.org/input/gcmcbd). The GCMC/BD GUI starts with read-
ing a PDB structure and generates input files necessary for GCMC/BD simula-
tions of ion channels in symmetric or asymmetric solutions at any
transmembrane potential. The GCMC/BD GUI facilitates (1) an appropriate
placement of membrane channels having various pore sizes and orientations
in implicit membrane bathed in electrolyte solution, (2) calculation of ion ac-
cessible region and generation of a protein charge map, and (3) calculation
of the steric and electrostatic potential maps. To illustrate its efficacy in prepar-
ing and simulating ion channels under various conditions, we used the GCMC/
BD GUI to investigate ion transport through the voltage dependent anion chan-
nel (VDAC) which is the primary pathway for metabolites and electrolytes in
the mitochondrial outer membrane. GCMC/BD simulations were performed for
all twenty NMR structures of human VDAC isoform 1 (hVDAC1, PDB:2K4T)
to examine the ion transport properties such as single-channel conductance and
ion selectivity. Using the space-dependent diffusion constant from the molec-
ular dynamics (MD) simulation, GCMC/BD simulation results show similar
ion transport properties of hVDAC1s to those from the MD simulations.
Also, the ion transport properties have been compared with experimental mea-
surement and analyzed to emphasize the importance of electrostatic contribu-
tion from protein charges in determining the channel transport properties.
Furthermore, GCMC/BD simulations of hVDAC1 mutants have been per-
formed for detailed analysis on the variation of ion selectivity.
857-Pos Board B657
Efficiency of Replica Exchange Sampling in Protein Folding
Weihng Zhang, Jianhan Chen.
Replica exchange molecular dynamics (REX-MD) is a generalized ensemble
method, which periodically exchanges replicas between neighbor temperature
windows to help cross energy barriers in energy space, therefore enhancing the
sampling efficiency. It has been shown to be very effective on simple two-state
model systems. However, for more complicated processes such as protein fold-
ing, REMD has not been adequately tested. In particular, in simulations of pro-
teins in the current physics-based force fields, different replicas often end up
trapped in segregated regions of the phase space, which significantly reduces
the sampling efficiency. Here we systematically investigate the efficiency of
REX sampling using simplified, yet realistic, corse-grained protein models
with various degree of frustration in the protein energy landscape. We also in-
vestigate the efficacy of using several previously proposed optimal setups, such
as the highest temperature, in REXMD. At the end, we also propose a simple
strategy to circumvent the phase space trapping by periodically forcing replicas
to visit different temperature ranges.
858-Pos Board B658
Wavelet Transform Method to Characterize Dendrites in Digital Images
of Brain Tissue
Frank Jones, Luis Cruz.
The effects of normal (non-disease) aging in the brain can be characterized by
impairments in memory and executive function. These impairments usually
start developing in healthy people in their early twenties and progressing line-
arly until old age. This is usually labeled as the ‘‘normal’’ effects of age. The
precise nature of these effects in the brain, however, are not known. Extensive
studies have shown that neurons are not lost with age, in contrast with other
neurodegenerative diseases such as Alzheimer’s disease. In a previous joint
